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(54) METHOD OF DEVELOPING WATER-FLOODED OIL RESERVOIR 

The invention is related to the oil industry, in particular, to the methods of developing a bedded 
oil reservoir and may be used for maintaining reservoir pressure by injecting associated water to 
reduce energy costs. It reduces material expenses of oil production by combining functions of a 
production and injection well and returning a part of the produced water back to the producing 
formation to support the reservoir pressure without upwelling; 

Essence of the Invention: According to the method, vertical wells are drilled and horizontal 
wellbores are sidetracked from them. A deep-well pump is lowered into the vertical wellbore. 
The oil is extracted from the well to the surface. Initially, a vertical well is drilled. A producing 
formation is tapped by perforation. The oil is extracted from the producing formation until it is 
depleted. Only then a horizontal wellbore is sidetracked. The kick-off point of the horizontal 
wellbore is located lower than a dynamic fluid level. The same producing formation is perforated 
in an auxiliary wellbore. Then, a double-displacement pump is lowered into the vertical 
wellbore. The pump suction is positioned above the kick-off point. The pump is provided v^dth a 
liner-'paeker combination. It is positioned in the interval from the kick-off point to the top of the 
producing formation in a vertical wellbore. The well is operated iii such a way that the oil- 
associated water pumped from the auxiliary horizontal wellbore is injected into the same 
formation through the vertical wellbore without upwelling. 1 il. 

DESCRIPTION OF THE INVENTION 

The invention proposal is related to the oil industry, in particular, to the methods of developing a 
bedded oil reservoir and may be used for maintaining reservoir pressure by injecting associated 
water to reduce energy costs. 

The method is known that provides development of a multilayer oil (gas) field [see Pat. RU N 
2038464, Cl. E 21B 43/10, 43/12, Bulletin of Inventions N 18, 1995] comprising the following 
steps: making reservoir caverns in a rock around production wells above producing formations or 
in the iinner near-roof nart of an overivine oroducine formation, eauipping wells with tubing 



strings, feeding the extracted product to the middle part of caverns, separating water from 
hydrocarbons and withdrawal of hydrocarbons from the upper part of the cavern, with the 
caverns being made in wells of two or more oil-producing formations. In this case, at least in one 
of the wells the water separated in the cavern from the product of an overlying producing 
formation is fed to an underlying producing formation and simultaneously at least in one of the 
wells the water separated in the cavern from the product of an underlying producing formation is 
fed to an overlying producing formation without upwellirig. 

Disadvantage of the method is that, firstly, it requires two formations, stratum waters of which 
are compatible, i.e. when mixed, no solid deposits are produced, secondly, essence of this 
method implies the flow production, thirdly, when the flow production is used, it is difficult to 
select formations in which the required balance of reservoir pressures would be maintained to 
implement the method. 

The method of developing a massive oil field [see Pat. RU N 2095,551, CI. E 21 B 43/20, 
Bulletin of Inventions N 31, 1997] is also known. The method provides combining vertical and 
horizontal wellbores in one well to tap one and the same production formation. An artificial-lift 
method is used for operation of this well by cyclically injecting into and detracting firom different 
wellbores of the well. For this purpose, the well is reequipped each time for injecting into or 
extracting firom parallel wellbores resulting in extra material expenses. 

Another disadvantage is that the associated water in the extraction cycle lifts to the surface to be 
injected again into the same well and the same formation during the injection cycle. This leads to 
substantial unproductive expenses forupwelling the associated water: 

The method being most similar to the claimed method in terms of technical essence and results 
obtained is the method of producing oil from horizontal wells [see Pat. RUN 2034132, CI. E 21 
B 43/30, Bulletin of Inventions N 12, 1997] comprising drilling a horizdhtal well and a vertical 
wellbore from it located below a kick-off point of the main wellbore of a horizontal well, 
lowering a deep-well pump into the vertical wellbore and extracting oil from the well to the 
surface. 

Disadvantage of the known method is that the vertical wellbore performs only technological 
functions, i.e. it is used foi" mounting the deep-well pump and is not in direct hydraulic 
communication with a production formation. In addition, operation of water-flooded reservoirs is 
low-efficient since the pump lifts the associated water to the surface that requires high-energy 
input and also matferial expenses associated with the use of additional equipment - a cooling 
liquid tube. 

The engneering problem to be solved is to provide such a method of developing an oil reservoir 
that would combine the functions of a production and injection well with minimal eneigy and 
material input. 

The object of the proposed invention is to reduce oil extraction material expenses by combining 
functions of production and injection wells and returning part of the produced water back to the 
producing formation to maintain the reservoir pressure without upwelling. 

The object set is achieved by using the described method of developing a water-flooded oil 
reservoir comprising drilling a vertical well and sidetracking horizontal wellbore from it, 
lowering a deep-well pump into the vertical well and extracting oil from the well to the surface. 



Novelty of the invention is that initially a verticsd well is drilled, a producing formation is tapped 
by perforation, the oil is extracted from the producing formation until it is depleted, then a 
horizontal wellbore is sidetracked, with a kick-off point of the horizontal wellbore being located 
lower than a dynamic fluid level, the same producing formation is perforated in an auxiliary 
wellbore, then a double-displacement pump is lowered into the vertical wellbore so that the oil 
pump suction is positioned above the kick-off point of the auxiliary wellbore and water pump 
suction - below this point, the pump is provided with a liner-packer combination positioned in 
the interval from the; kick-off point to the top of the producing formation in a vertical wellbore 
and the well is operated in such a way that the oil-associated water pumped from the auxiliary 
horizontal wellbore is injected into the same formation through the vertical wellbore to maintain 
reservoir pressure without upwelling. 

The claimed combination of distinctive features is not known from available sources of patent 
and scientific and technical literature. Therefore, the method daimed meets the "patentable 
novelty" criterion. 

The drawing illustrates the diagram of placing a deep-well pumping equipment in a vertical well 
with a sidetracked horizontal wellbore. 

The method is implemented in the following sequence: 

A vertical producing well 1 is drilled on a reservoir, A producing formation 3 is tapped by 
perforation 2. A deep-well pumping equipment (single-action pump) is mounted and the well is 
operated until the producing formation is depleted. Then the deep-well pumping equipment is 
lifted from the well and a horizontal wellbore 4 is sidetracked in this well in the direction of an 
unexhausted zone of the formation. A kick-off point of the horizontal wellbore 5 is located 
below a dynamic fluid level 6 in the well so that fluid from the auxiliary horizontal wellbore can 
flow to the vertical well. Then, the same producing Formation 2 is perforated 7 in the auxiliary 
horizontd wellbore. 

A double-displacement pump 8 is lowered into the vertical wellbore so that the an oil pump 
suction 9 is positioned above tile kick-off point of the auxiliary wellbore 5 and a water pump 
suction 10 - below this point. The pump is provided with a liner 1 1 to pump via it the associated 
water to an injection zone. A packer 12 is mounted on the liner. The wellbore of the vertical 
level forms a gravity separator from a dynamic level 6 to tiie packer 12 in which water and oil 
are separated based on the specific weights. The water-oil interface in the well establishes at the 
kick-off point level since the oil flowing from the auxiliary wellbore to the well floats up on top 
of water, with only water being below tiie kick-off point. 

The double-displacement pump 8 owing to its positioning relative to the kick-off point 5 draws 
water from a lower part of the gravity separator through the pump suction 10 and injects it via 
the liner 11 to an exhausted area of the producing formation 2 partially compensating reduction 
in reservoir pressure caused by fluid withdrawal from tiie same formation via an auxiliary 
horizontal wellbore 4. The double-displacement pump simultaneously draws an oil-water 
mixture from the upper part of the gravity separator through the pump suction 9 and pumps it up 
to the surface. 

The wellbore of the vertical well 1 below the kick-off point 5 functions as an injection well, 
while above the kick-off point 5 - as a producing well. In this case, the quantity of lifted 
associated water reduces because it is returned to the producing formation 3 via the liner M and 
perforation 2. 



Operating wells according to the proposed method makes it possible to: 

1 . Combine functions of a production and injection well in one well 

2. Prevent the reservoir pressure from decreasing and save water for the reservoir 
pressure maintenance system by returning the associated water. 

3 . Reduce power costs for water upwdliiig, treatment and inj ection. 

4. Reduce water cutfinjg of well productiori, thereby reducing costs for oil pumping 
and dehydration. 

5. Reduce oil loss and improve conservation of mineral resources compared to the 
method of discharging the associated water to another formation. 

Embodiment of the Invention 

A water cut rate of a verticai well used to exploit Devonian- formation, at a depth of 1 JOO m 
reached 75%. A single-action pump with a/plunger diameter of 44; 5 mm operated in the well. 
The dynamic level was at a depth of 700 m.. A decision was taken to convert it to operation 
according to the method provided. 

After removal of the operation equipment from the well, a horizontal wellbore 4 was sidetracked, 
with the kick-off point 5 being at a depth of 1 ,000: m, and the same producing formation 3 was 
tapped with perforation 7. The single-action pump was replaced by a double-displacement pump. 
A decision was made to maintain the fluid production capacity of the well at the same level and 
with the same pumpdown performance. 

For this purpose, an approximate relationship should be satisfied: 



(1) 



where 



Dnj, - diameter of single-action pump plunger, mm; 



Dji - diameter of oil double-displacement pump plunger, mm; 



Da - same for water, mni. 



To prevent oil from being drav^ by the water pump plunger and injected back to the formation, 
the following condition should be satisfied: 




(2) 



where 



B - water cuttings of well production 



We find D„ = 27 mm, Db= 38 mm by selecting from standard plunger sizes. Both conditions are 
QatiQfmH Thft <:ftlpr.tftH Hniihle.-^irition niimn nrovidas somewhat hifiher caoacitv fbv 9,7%) with 



the same pumpdbwn performance. The oil will be pumped up to the surface partially with water 
under such plunger diameter ratio. 

Then, the water cuttings of well production is assessed using such lift method. The quantity of 
fluid being lifted to the surface is proportional to D,, ^. Then, the quantity of oil contained in the 
well production with the given water cut and double-displacement pump capacity is proportional 

to: 

(D„' + Db')(1-B) (3) 

whence it follows that the resulting water cuttings of well production is: 

Bp..-i-[hd^iV1(i-b) (4) 

Substitution of values in the formula (4) produces tiie value Bpc3= 25.5%. 

Therefore, lift operation of the given well according to the method provided reduces the water 
cut rate from 75% to 25.5%, with the associated water being returned to the same formation. 

Technical and economic efficiency of the provided method for developing the water-flooded oil 
reservoir is the result of combining functions of production and. injection wells in one well, 
returning a part of the produced water back to the producing formation and reducing oil 
extraction material expenses. 

CLAIMS 

The method of developing a water-flooded oil reservoir comprising drilling vertical wells and 
sidetracking horizontal wellbore from it, lowering a deep-well pump into the vertical well and 
extracting oil from the: well to the surface characterized in that initially a vertical well is drilled, a 
producing formation is tapped by perforation, the oil is extracted from the producing formation 
until it is depleted, then a horizontal wellbore is sidetracked, with a kick-oflF point of the 
horizontal wellbore being located lower than a dynamic fluid level, the same producing 
formation is perforated in an auxiliary wellbore, then a double-displacement pump is lowered 
into the vertical wellbore so that the oil pump suction is positioned above the Idck-ofF point of 
the auxiliary wellbore and water pump suction - below this point, tiie pump is provided with a 
liner-packer combination positioned in the interval from the kick-off point to the top of the 
producing formation in a vertical wellbore and the well is operated in such a way that the oil- 
associated water pumped from the auxiliary horizontal wellbore is injected into the same 
formation through the vertical wellbore without upwelling. 

DRAWINGS 
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HEcDTflHOt^ 3AJIE)KM 



M3o6peTeHMe oTHocnTCfl K HectbrnHOM npoMbiujjieHKocTK, a HacTHocTM k cnoco6aM paapadoTKH He4>TflHofi 
3aiie>KM rinacroBoro Twna, m mo^ct 6brrb McnonMoeaHO fff\s\ noAflep>KaHMfl nnacrosoro naBnenm nyrm 
sanaMKM nonyrHoti boabi npM CHM>KeHiiM anepreTMHecKnx saxpar. OSecneHUBaer coKpatueHne warepi/iaiibHbix 
sarpar Ha Ao6bmy Hecj^TW 3a CMer coBweiyeHMfl cjjyHKLiMM Ao6biBaioineK m HarHeTarenbHoft CKBa>KMH \a 
Bosapara nacTH nonyrHO AoGbiaaeMOft soAbi oSpaxHO B npOAyKTMBHbii) njiacTA^n noAAep>KaHMfl nnacrroaoro 
ABsnemn (Finfl) Ses noflbeMa ee Ha noBepxHOcm. CyiUHOCTb M3o6peTeHMn: no cnoco6y ocymecTB/iflioT 
SypeHMe BepriiKaiibHbix cicBa)Kt/!H v\ 6oKOBbix ropii30HTanbHbix ctbojiob ot hmx. B BepTMKajibHbii) ctboji 
cnycKaJOT mySMHHbift Hacoc. OrewpawT He(pTb m cKBa>KMHbi Ha noBepxHOCTb. flpn 3T0m cnaMana SypOT 
BepTMKanbHyio CKBa>iaiHy. BcKpbiBaiOT nep(|)opaMkteii npoAyKmsHbifi n/iacr. He4>Tb m nnacra ki3B/ieKaioT a.o 
MCTOLneHna npoAyKTMBHoro n/iacra. To/ibKo sareM 5ypm 6okoboR ropwsoHrafibHbifl ctbo/i. FIpn 3tom roHKy 
oTxoAa ropusoHTanbHoro CTBO/ia pacnonaraK)T HM)Ke AMHawnHecKoro ypoBHH >kmakoctii b cKBa>KMHe. B 
60KOBOM CTBone nepct)opMpyK)T tot )Ke npoAyicTHBHbifi nnacr, SareM b sepTHKanbHOM CTBO/ie 
ycraHaBfiMBaiOT nacoc ABoiiHdro AeAcTBMn. npneivi Hacoca /v)^ Hec|7TM pacnojiarator BbiLue tomkm oTxdAa 
6oK08oro cTBo/ta. DpiieM Hacoca aha BOAbi pacno/iaratoT hidkb tohkm oTXOAa eoKOBoro crBona. Hacoc 
CHaSweH XBOCTOBMKOM c naKepoM. Ero ycraHaB/KiBaioT b kiHTepsajie ottomkii orxoAa ao Kpoa/iti 
npoAyKTMBHoro nnacTa b BeprnKanbHOM CTBone, CKBajKviHy SKcnnyaTupyioTTaK, wro BOAy, nocrynnBiuyK) 
Bwecre c Hecj^xbK) m3 SoKOBoro ropM30HTajibHoro CTBo/ia, 3aKaHMBa»0T a tot >Ke nnacr nepea aepTHKanbHbiii 
CTBon 6e3 ee noA^bewa na noBepXHOCTb. 1 nn. 



OnMCAHME HaOBPETEHMfl 



npeA/io)KeHMe othocmtcs k HecJjTflHOM npoMwuineHHOCTn, b MacTHOCTM K cnoco6aM pa3pa6oTKii Hec|7T«Hofi 
sajiexoi njiacTOBoro Tuna, w mombt 6brTb ncno/ibsoaaHo f\nsi noAAspjKaHMw nnacroaoro AaaneHMH nyTeM 
3aKaMKM nonyTHoH BOAbi npn CHM>KeHMM snepreTMMecKMx 3atpaT. 
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MsBecreH cnoco6 paapaSoTKH MHoronnacroBoro HectsTflHoro (raaoBoro) MecTopo>KAeHMR [cm. nai. RU N 
2038464. KJi. E 21 B 43/10, 43/12. 5M N 18, 1995 r ] , BKniOHaiomMi^ cosAaHwe s nopoAe BOKpyr 
AoSbiBaiotMMx CKBa>KMH Bbiuje npoAyicTMBHbix nnacTOB vijim b BepxHevi npuKpoaenbHoft Mac™ Bbiiijene)KaLMero 
npoAyinvBHoro nnacra peaepsyapoB-icaBepH, o6opyAOBaHMe CKBa>KMH KOJiOHHaMM /im^tobwx Tpy6. noAaMy 
AoSbiBaewoR npoAyKUWM b cpeAHiojo Mactb KasepH. OTAenenne boaw ot ymeBOAopoAoa m OT6op 
ymeBOAopoAOB m sepxHew Hacru KasepH, npw 3Tom KasepHbi coopy)KaK)T b CKBa>KMHax AByx m 6onee 
paapaSaTbiBaeMbix nnacroB. HpmeM no KpawHeii wiepe b oahoK h3 CKBa>KMH OTAeneHHyto b KasepHe soAy m3 
npoAyKMMM Bbimejie>Kaii|ero npoAyKTMBHoro nnacra HanpaBTjaraj b Hn>Kejie>Kau4Mii npoAyicrnsHbifi nxiacr m 
OAHOspeMeHHO c 3TOM RO KpawHeM Mepe B OAHofi M3 CKBa)KMH oTAeJieHHyio B KaaepHe BOAy M3 npoAyKMMM 
HHKeJiejKainero npoAyicniBHoro nnacra HanpaaiiflioT b Bbiujene)Kamn« npoAyinliBHbift ririacr 6e3 noAteMa 
Ha noBepxHOcnrb. 

HeAocraiKOM cnocoSa HSJiaeTCfl to mto, BO-nepabix. cnocoS npeAnonaraei Heo6xoAHMOCTb Asyx rniaproB, 
nnacroBbie BOAbi KOTOpbix xmmecm coBMecTWMbi. t. e. He sbiAe/iflioT raepAbix ocaAKOB npn mx cMemenm. 
Bo-BTopbix, 3T0T cnoco6 no cBoeMy CMbicny npeAno/iaraer B03M0)KH0CTb ocyuiecTB/ieHMR c|)qHTaHHoa 
SKcnnyarauMVi. B-Tpexbux, npn ct)OHTaHHdPi aKcnnyaraLjiiM rpyAHO noAo6paTb n/iacrbi, b Koropbix 
cymecTBOBaJi 5bi Heo6xoAMMbiR aha peanmBum MexoAa 6aJiaHc anacTOBbix AaBneHMft. 

MsBecTBH laioKe cnoco6 pa3pa6oTKM Hect)TflHoro MecTopo>KAeHM« MaccMBHoro TMna [cm. nar. RU N 2095551, 
Kn. E 21 B 43/20, 5M N 31. 1997 r. ] . Cnoco6 npeAycwaTpMBaer coBMemeHMe b oahom cicBa>KHHe 
BepTMKanbHoro m ropnaoHTajibHoro cTBonoa, BCKpbiBaK)U4MX oamh m tot >Ke npoAyicTMSHbiM nnacr. 
3KcnnyaTaMMfl jaKOfi cKBa^KMHbi ocymecTBfiHeTCfi MexaHnsMposaHribiM cnoco6oM nyrew uwioiMMecKofi cweHbi 
3aKaMKM M OT6opa B pasHwe craonbi cKsamnbi flna sToro Ka)KAbiM pas CKsaKWHy nepeoSopyAyJoi A^n 
3aKaMKM MJiM oT6opa B napa/inenbHbie CTBonbi, mto BiieMeT 3a co6om Aono/iHWTenbHbie MaTepwanbHbie 
aarpaTbi. 

flpyrwM HeAOcraTKOM «BJifieTcn to. mto nonyTHaq BOAa b UHKne OT6opa noAHMMaeTCH Ha noaepxHOCTb, 
MToSbi 3aTeM B MWKne saKaMKw Sbn-b saKaMaHHoii cHOBa b ry >Ke cKsaKMHy m b tot )Ke nnacr. 3to npwBpAMT k 
3HaMMTenbHbiM Henpon3BOAMTenbHbiM 3aTpaTaM Ha noAT>eM nonyTHdW boaw. 

HaM6ojiee 6nVi3KMM no TsxHwecKoR cymHOCTM w AOcrwraeMOMy pesynbxary k npeAnaraeMOwy flBnaeTca 
cnocoS AoSbiMM He4)TM M3 ropM30HTanbHbix cKBa>KMH [cm. nar. RU N 2034132. kh. E 21 B 43/30. 514 N 12. 
1997 r. ] , BKniOMaioiMMM SypenVie ropusoHTaJibHofi cKBajKMHW w sepTviKanbHoro CTBona or nee, 
pacnono)KeHHoro HM>Ke tomkm naMana OTKnoHeHM« ocHOBHoro CTBona ropnaoHra/ibHoft cKBajKMHbi, cnycK b 
BepxMKaJibHbiR CTBO/i r/iygMHHoro Hacoca m ot6op nedpivi m3 CKBa)KMHbi na nosepxHocrb, 

HeAOCTBTKOM ii3BecTHoro cnocoSa wBJifleiTCfl TO. mto wweiomMRcfl 6 HanuMMM BeptMkanbHbm cTBon 
BbinojiHj^eT TonbKO TexHOJiorviMecKne ct)yHKi4MM, a mmbmho Mcnonb3yeTCfl A^n pasMeuieHMfl mySMHHoro 
Hacoca M He nweeT HenocpeACTBeHHoii rwApaBJiMMecKoti cBnaw c npOAyicruBKbiwi nnacroM. Kpowie Toro, 
HM3Ka« 3c})ct)eiaMBH0CTb npw 3KcnjiyaTai4HM o6BOAHeHHbix 3ane>Kevt, t. k. nacoc noAHMwaer na noaepxHocTb 
nonyTHyK) BOAy, mto Tpe6yeT 6ojibUJMx sHepreTMMBCKHX 3aTpaT. a raKxce MaTepi4a.nbHbix aarpaT aa cmbt 
Mcnojib30BaHMfl AononHMTenbHoro o6opyAOBaHMH - TpySbi a^r oxna)KAaK)mew )kmakoctm. 

PeiuaeMaw rexHUMecKafl saAaMa coctowt b tom, mtoSw cosAarb TaKoft cnocoS pa3pa60TKw necj^TflHoii 
3ajie>KM. KOTopbiM no3BO/iM/i 6bi coBMecTMTb cJjyHKMMM Ao5biBaiome« M HameTaTeribHoR cKBai)KMHbi npw 
MMHMMaribHbix BHepreTiiMecKMX m waTepnajibHbix 3aTpaTax. 

UenbK) npeAnaraeMoro M3o6peTeHMH Hsnflerc^ cpKpameHne waTepnanbHbix aaxpar na Ao6biMy hbcIjtm sa 
cMex coBMeLMeHMfl 4)yHKi4MM Ao6biBaiou4eM m HameTaTe/ibHoCi CKBa>KMH m BOSBpara Macrw nonyxHo 
Ao6biBaeMofi boaw o6paTHo b npoAyKTMBHwii nnacr a^h noAAep)KaHM« nnacroBoro AaBJieHwn (nnfl) Sea 
noA'bewia ee na noaepxHocrb. 

nocTaBxieHHa« qenb AOcrwraeTcw onucbiBaeMbiM cnoco6oM paapaOoTKM oSBOAHeHHoii He4)TflH0M 3ane>KM. 
BicniOMaioimiM 6ypeHMe BepTHKaxibHoi^ CKBa>KMHbi m SoKoaoro ropwsoHTanbHoro creona ot Hee, cnycK b 
BeprviKanbHbift CTBO/I mySwHHoro Hacoca m ot6op He4)Tii M3 CKsaKMHW Ha nosepxHOCTb. 

HoBbiM 5iBn«eTCfl TO, MTO CHaMa^B 6ypRT BepTMKajibHyK) cKBa>KMHy. BCKpbiBaiOT nep<|)opai4MeM npOAyKTMBHblM 
nnacT, naBneKajox He<pTb f\o ncroiMeHMn npoAyJcrnBHoro nnacra. sarew 6ypRT 6okobom ropMSOHranbHwR 
cTBon, npw 3T0M TOMKy OTxoAa ropwaoHranbHoro CTBona pacnonarajor hmjkb AWHaMiiMecKoro yposHfl 
JKMAKOCTM B CKBa^KMrie, nep43opMpyioT b 60KOBOM cTBone ror >Ke npoAyKrwBHbiil nnacr, sareiw b 
BepTMKanbHOM craone ycraHaanMBaior Hacoc abomhofo AeiiCTBMR raK, Mro npweM Hacoca fv\9\ necf)™ 
pacnonaraercf? Buiue tomkm orxoAa 6oKOBoro craona. a npweM Hacoca a^a boaw - HM)Ke aroK tomkm, hbcoc 
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npoAYKTMBHoro nnacra b eepTMKanbHOM creo/ie \^ aKcnnyaTMpyloT CKsamny TaK, mo BOfly, nocrynMBiuyK) 
Bwecre c Hec})TbK) m 6oKOBoro ropnaoHranbHoro CTBona, saKaMMBarar b tot >Ke. nnacr Mepes eepTMKaJibHbiti 
cTBOJi pp5\ nnfl 663 noAisewa ee Ha noBepxHOcrb. 

H3 AOcrynHbix mctomhmkob naieHTHOfi n HayMHO-TexHMsecKoft nuTepaTypw Haw He M3BecTHa saflBJieHHan 
coBOKynHocTb 0TnM4iiTenbHbix npusnaKOB. CjieAOsaTOTbHO. npeflnaraeMbift cnoco6 oTBOMaer KpwTepwio 
"cymecTBeHHbie otjiimnfl". 

HanepteKe npeAcraB/ieHa cxeMa pazMeinenm my6nHHO-Hac6cHord o6bpyAOBaHMfl a BepTMKanbHoft 

CKBa)KMHe C SOKpBbIM rOpM3QHTajribHblM CTBOnOM OT HSe. 

Cnoco6 ocymecTBJifleTCJ? b cneAywu^eR nocjieAOBatenbHOCTM. 

Ha 3ane)KM 6ypjrr BepTwkanbHyio Ab6biBaK)myK) GKBa)KMHy 1, BcKpbieaiOT nepcjjopamieei 2 npoAyKniBHbift 
nnacT 3. ycraHaBJinBaroT mySwHHb-HacocHoe o5opyAOBaHMe (nacoc oAMHapnorb AetiCTBUfl) n 
3KcnnyaTMpyK)T cKBa>KiiHy AO vicrqu^eHM npoAyKruBHoro niiacrra. SaTSM wsBneKaipT r/iySMHHO-HacocHoe 
o6opyAOBaHMe m3 cicBaKMHW w sapesawT b STOfi CKSBmne SokoboJ^ ropHSomwibHbiJi CTBon 4 b 
HanpaBxieHMM HeBb!pa6oTaHHoSi soHbi ruiacra. To^Ky oTxoAa ropusoHTanbHoro cxBona 5 pacnonaratOTHM>Ke 
AMHaMMMecKoro ypoBHq kmakoctm 6 b CKBajKMHe, ahh topo 4To6bi jKMAKOCib M3 6oKOBofo ropMBOHTajibHorb 
CTBOJia Moma nepeTeKarb b BepTnicanbHbiM gtbg/i. 3aTeM BCKpbiBaipT b 6okobom ropMsoHranbHOM creoxie 
nepct)opai4Mefi 7 tot ;Ke npoAyKrviBHbifl nxiacr 2, 

B BepTiiKanbHOM crso/ie ycraHaBJiUBaicT nacoc ABofiHoro Ae«CTBM5i 8 TaK«M bSpasowi. mtoSw npiieM Hacoca 
Ana HecjjTM 9 pacnonaranca Bwiue tomkm oTxoAa 6oKOBoro CTBona 5. a npnewi Hacoca boaw 10 - HM>Ke 
3T0ifl TOHKM. Hacoc oSopyAyJOT XBOCTOBMKOM 1 1, 00 KOTopowy 6yAeTnepeKaMMBaTbCfi RonyTHafl BOAa b sony 
saKaMKM. Ha xBocroawKe ycraHaBnuBaioT naKep 12. Ctboji BepTHKanbHofi cKBaJKHHw ot AMHaMUMecKoro 
ypoBHs 6 AO naKepa 12 o6pa3yeT rpaBMTauMoHHbm cenapaTop, b KOTopoM npowcxoAwr pasAenenne BOAbi m 
He(t)TM B cooTBeTCTBMii c MX yAe/ibHbiMM BecaMM. ripw 3T0M 80APHect)THH0fl pasAexi B CkBaKMHe 
ycTaHaBTiMBaeTCp na ypoBHe tomkm oTxoAa 6oKOBoro cTBona, npcKO/ibKy Hecj^Tb, nocrynnBUJaJi m3 6oKOBoro 
CTBbna B CKBa)KviHy, Bcn/ibiBaeT b bgahoW cpeAe, m HM>Ke tomkm oTxoAa QKa3biBaeTCfi TOiibKo aoAa. 

Hacbc ABoi^Horo AeficTBMf! 8, 6iiaroAapa BbiSpaHHOiwy ero pacnbJio)KeHMK) oTHOGMre/ibHO tomkm oixoAa 
6oKOBoro CTBona 5, 3a6MpaeT BOAy M3 hmkhbCi Hacrw rpaawTauMOHHoro cenapatbpa MOpes npweM 10 m 
3aKaMMBaeT ee Mepes xboctobmk 1 1 b Bbipa5oTaHHyfo Mactb npoAyKTMBHoro nnacra 2, KOMnenoMpya 
MacTMMHO CHM>KeHMe nnacTOBoro AasneHMfl. npoMCXOA«tMee BcneAcrBwe orSopa >kmakoctm m3 Toro >Ke 
nnacra Mepes 5okobo« ropMaoHTajibHbiPl ctbo/i 4, OAHOBpeMeHHO c stmm Hacoc ABOftHoro AeMcrsMn 
3a5MpaeT cwiecb He4)TM m BbAbi m3 BepxHeft mbctm rpasMTauMOHHoro cenapafopa Mepea ripMeM 9 m 
noAHMwaeT ee na noaepxHOCTb. 

GtBon BeprMkartbHOM cKBaKMHbi 1 hmjkb tohkm OTXOAa 5 pa6oTaeTiKaK HameTaTenbHaRCi«a>|piH aabiuje 

TOMKM OTXOAa 5 - KaK A06blBaK)liiafl CKBa?KMHa. hpM 3T0M KOJIMMeCTBO nOAHMWaeMOM nonyTHOM BOAbI 

CHMwaeTCP 3a cMeTBoaapaTa ee b npoAyKTMBHbiM nriact 3 Mepe3 xboctobmk 11m nepc|3opauMK) 2. 
3Kcn/iyaTaMMfl cKsaJKMH no npeAJiaraeMOMy cnbco6y nb3BOJifleT; 

1. CoSMecTMTb 8 OAHoW CKBaHCMHe (fiyHKUMM Ao6biBaK)ineii M HameTaTenbHoR cKBajKMHW. 

2. 3a CMBT B03BpaTa nonyTHOM boabi ho AonycKaTb cHM)KeHMH nnacTOSoro AaaneHMfl m Ao5MTbc« 3kohommm 
BOAbi ^nn CMcreMbi nnfl. 

3. CoKpaTMTb saTpaTbi ajieKTposHeprMM na noAi^eM, noAroTOBKy m saKaMKy nonyrHoft boaw. 

4. CHM3MTb oBBOAHeHHOCTb AoCwBaeMoR npoAyKUMM M TBM cawbiM saTpaTbi HB 66 nepeKaMKy M 
o6e3BO)KMBaHMe. 

5. no cpasHeHMK) co cnoco6bM c6poca nonyTHoK BOAbi b APyrofi nxiacr yMeHbiuMTb noTepM HecjjTM m 
y/iyMLUMTb COCTOnHMe oxpaHbi HeAP. 

npMwiep KOHKpeTHoro BbinonneHW. 
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o5BOAHeHHocTM 75%. B cKsaMCMHe paSoTan OAWHapHbiM Hacoc c AwaMerpoM n;iyH>Kepa 44,5 mm. 
flMHaMMHecKHft ypoBeHb HaxoAM/icfl npM 3Tom Ha rnyQme 700 m. Bbmo npMHjrro peujeHMe nepeaecTM ee Ha 
3KcnjiyaTai4MK) no npeAnaraeMOMy cnocoSy. 

nocne i43BJieHeHMfl aKcnnyaTaunoHHoro o6opyAOBaHMfl m cicBa>KMHbi aapeaa/iM 6okobpm ropusoHrajibHbiR 
csTBon 4, ycraHOBMB TOMKy oixoAa 5 na rny6MHe 1000 m, m BCKpbmn nep(t)opaweM 7 tot >Ke npoAy»crMBHbifi 
nnacr s! 3aMeHMJiM nacoc OAWHapHoro AeCicTBMfl hbcocom aboRhofo AeWcTBUH. Opw 3T0M peiuMnn 

COXpaHMTb npOW3BOAMTeilbHOCrb CKBa>KMHb! no >KMAK0CTM Ha TOM TKB ypOBHB M npW TOM H(e peMCMMB OTKaHKM. 

3Toro Aon>KHO BbinonHflTbCfl npM6riM>KeHHoe cooTHomeHMe 

TAe D„j^ - AwaweTp nnyH^epa nacdca oAWHapHoro AeRcrBWH, mm; 

- A^aMeip njiyH>Kepa nacoca Aspf^Hord pfiVicrcBm Aii« ne^TM, mm; 
Dp - TO >Ke Ann boaw, mm. 

HToSbi Hect)Tb He saxBaTbiBanacb nnyH)KepoM Hacoca ahh BQAb) m ne aaKasMBanacb o6paTHO b nnacr, 
Aon>KHd BbinoiiH«Tbcn ycnoBMe: 

2 

\^ <2> 
2 B 

D 

8 

me B - 06B0AHeHH0CTb npOAyKUMM CKBaWHbl, %. 

nyTOM noA6opa M3 craHAapTHWX pasMepoB nnyH)KepoB HaxoAMM D„= 27 mm, B^- 38 mm. 06a ycJioBMR 
yAOBJieTBbpeHbi. BbiSpaHHbm nacoc ABoiiHoro ixeiAcrBm oSecnesMBaeT HecKonbKo 6onbUJyio 
np0M3B0AMTejibH0CTb (Ha 9.7%) npM tom me pemm OTKaHKM. HecJJTb npw TaKOM cdOTHoiueHMM AwaMeTpoB 
n/iyH)KepoB 6yAeT noAHUMaTbCH Ha noaepxHocTb qacTMHHo c boaoK. 

SareM ouenwaaeM oSaoAHeHHOCTb npoAyKUMM npw tbRom cnoco6e SKcnnyaTaitMM. KojiwMecTBo 
noAHWMaeMoft jkmakoctm Ha nosepxHOCTb nponopMi/iOHanbHO senmme D„ 2. TorAa KdJiMMecTBO He4)TM. 
KOTopas coAepjKHTCJ? B npoAyKLiHM cKBa>KMHbi npM AaHHQM o6BOAHeHHOCTM yt npoM3BOAMTejibHOCTM Hacoca 
ABO^^Horo AeMCTBHS, nponopuMOHaiibHO 

(D„ ' + D3 2)(1-B) (3) 

OTKyAa pe3ynbTvipyK)Li4a5=i o6BOAHeHHocTb npoAyKywH cocrasMJia 
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<1-B> <4> 



noAcraHOBKB sHaneHMM b cj^opMyny (4) AaeT BejinmiHy Bp^ = 25,5%. 

TaKMM oSpasoM, sKcnnyaTaLiMfl AaHHoR cKBa>KMHbi no npoAnaraeMOMy cnocpSy cHH>KaeT qSBOAHeHHOCTb 
npoAyKMMM 75% AO 25,5%, npn 3T0m nonyTHaa boab BOSBpau^aerca oSpaTHO b cBofi niiacr. 

TexHMKO-SKOHOMMMecKaR 3(})4)eicTWBH0CTb npeAnaraoMoro cnocoSa paspaSoTKH oSBOAHeHHoft He4)TflH0M 
3ane>Kvi cKnaAbiBaercn sa chbt cosMeineHUfl ct)yHKUiift Ao6biBaK)U4eM w HameTaTejibHofi cKBa>KMH b oahoK 
cKBa)KMHe. 803BpaTa wacTM nonyTHO Ao6biBaeMOfi boaw o6paTHo b npoAyKTHBHbiCi anacr y\ CHv\}Kem^ 
MarepMaiibHbix 3aTpaT na Ao^bNy He4>Tii. 

(DOPMYJIA li305PETEHlin 
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6oKPBbix ropnaoHTajnbHbix CTBonoB OT HMX, cnycK B BepTOKanbHbifl CTBOJi rjiy5MHHoro Hacoca m OT6op HecfjiM 
113 CKBa)KHHbi HB ooBepxHOCTb, ojnma\ou\mc^ TCM, HTO CHBsa/ia 6ypaT BepTMKanbHyio CKBa>KMHy, 
BCKpbiaaJOT nep0opai4MeM npoAyicrnBHwCi anacr, M3BJieKaK)T Hecf}Tb ao \ncrou\eHm npoflyicTMBHoro nnacra, 
aaiewi 6yp«T SoKOBOfl ropMaoHra/ibHwCi CTBon. npn 3T0wi TOMKy oTXOfla ropMSOHTa/ibHoro cTBO/ia 
pacno/iaraioT HMJKe flUHaMMMecKoro yposHfl jkmakoctm b cicBa>KMHe, nepcjjopMpyiOT b Sqkobom crBOJie tot >Ke 
npoAyicTMBHbiCi njiacT, saTew b sepTHKanbHow cTBone ycraHaB/iMBaioT Hacoc flBOWHoro AeficTBMfl tbk, hto 
npweM Hacoca flxifi HecfrrM pacnoxiaraioT Bbiuie tohkm OTXofla SoKOBoro CTBona, a npi/iewi Hacoca a^a boaw - 
HMHce 3Toii TOMKM, Hacoc CHa6>KeH xboctobmkom c naKepoM. KOTopwM ycTaHasnMBaiOT b nHTepsane ot tomkm 
oTxoAa AO KpoBJiM npoAyKTMBHoro nnacra b BepTMKa/ibHOM CTBone, vi SKcnnyaTwpyiot cKBa>kiiHy tbk, hto 
BOAy, nocrynMBiuyK) Bwecre c He(J)TbK) ii3 GoKOBoro ropM30HTanbHoro crBO/ia, aaKaHMBaicrr BTOT}i«.njlacT 
Mepea BepTWKanbHbm ctboji 6e3 noAT>eMa ee na noBepxHOcrb. 

PWCYHKM 
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